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This work investigated the optimization of biodiesel production from neem (Azadirachta indica) oil using a two-step
transesterification process and determination of the qualities of the neem oil biodiesel. This was with a view to
establish its production and viability potentials. Biodiesel production was carried using a two-step transesterification
process. The first step was carried out using 0.60 w/w methanol-to-oil ratio in the presence of 1% w/w H2SO4 as an
acid catalyst in 1 h at 50°C. The second step was base (NaOH) transesterification of the product from the first step
using conditions specified in the optimization design. The central composite design optimization conditions for the
second step were temperature (45°C to 65°C), catalyst amount (0.45% to 1.45% w/w), reaction time (45 to 65 min),
and methanol/oil molar ratio (1.5 to 7.5). The physicochemical properties of the neem biodiesel were carried out
using standard methods, while the fatty acid profile was determined using gas chromatography. Optimized
biodiesel yield of 89.69% was produced at reaction time of 65 min, catalyst amount of 0.95 g, temperature of 55°C,
and methanol/oil molar ratio of 4.5:1. The values for the physicochemical properties are 0.05% moisture content, 0.9
specific gravity at 25°C, 5.5 mm2/S kinematic viscosity, 207 mg KOH/g, 70.7 g I2/100 g iodine value, 55.31 cetane
number, 39.85 MJ/Kg calorific value, 4 pour point, 8 cloud point, and 110 flash point. These values conform to
international standards, in particular, American Society Testing Materials (ASTM).
It can be concluded that neem biodiesel showed a general compliance with known standards judging from its
physicochemical properties and the engine test. These, coupled with its high yield, attested to the production
viability and efficiency of neem biodiesel using two-step transesterification process.
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Diesel fuels have an essential function in the industrial
economy of developing and developed countries. The con-
tinued use of fossil fuel due to industrialization and do-
mestic purposes especially in advanced nations resulted in
environmental pollution which had contributed im-
mensely to the present climate change, and its attendant
effects had made it necessary to the development of alter-
native sources of energy [1]. This alternative fuel has been
found to be technically feasible, economically competitive,
environmentally acceptable, and readily available [1]. In
addition, the fast depletion of fossil fuel and its high cost* Correspondence: oluawolu@futa.edu.ng
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2013of procurement are factors that has made research into
biodiesel, an alternative energy source that is clean,
nontoxic, and a renewable necessity.
Biodiesel, either alone or in blends with fossil fuel, will
help meet the world energy demands hitherto not yet suffi-
cient. In addition, it is a renewable energy source which is
unlike fossil fuels that is finite. Biodiesel obtained from en-
ergy crops also produces favorable effects on the environ-
ment, such as a decrease in acid rain and greenhouse effect
caused by combustion [2]. Due to these factors and to its
biodegradability, the production of biodiesel is considered
an advantage than to that of fossil fuels [2]. Biodiesel is also
nontoxic, eco-friendly, and useful in CO2 recycling over
short periods [3,4]. Biodiesel (fatty acid methyl esters
(FAMEs)) derived from a variety of vegetable oils,This is an Open Access article distributed under the terms of the Creative
mmons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
inal work is properly cited.
Table 1 Factors and their levels for central composite
design for neem biodiesel production
Variable Symbol Coded levels
−2 −1 0 1 2
Temperature (°C) X1 45 50 55 60 65
Catalyst amount (wt%) X2 0.45 0.70 0.95 1.2 1.45
Reaction time (min) X3 45 50 55 60 65
Oil/methanol ratio X4 1.5 3.0 4.5 6.0 7.5
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as a petro-diesel and chemical substitute. Also, biodiesel
evidences many salient properties, most notably cetane
number, flash point, and volumetric heating value which
have also been shown to be comparable to those of
petro-diesel [5-8].
Many researchers have concluded that vegetable oils
and their derivatives hold promise as alternative fuels
for diesel engines with the only exception that the use
of raw vegetable oils for diesel engines can cause
numerous engine-related problems due to their high
viscosity, low volatility, and high cetane number
which can lead to severe engine deposits, injector
coking, and piston ring sticking [9,10]. However, these
effects can be reduced or eliminated through
transesterification of the vegetable oil to form an alkyl
ester [9,11].
The process of transesterification removes glycerin
the triglycerides and replaces it with the alcohol used
for the conversion process [12]. This process decreases
the viscosity but maintains the cetane number and the
heating value. It has also been shown that the use of
biodiesel obtained from the mixture of oils for biodiesel
production should be encouraged [13]. The result of
the work showed that CO and HC emissions of the
diesel engine when operated with the mixture as com-
pared with high-speed diesel (HSD) were reduced by
10.97% to 21.16% and 38.76% to 47.6%, respectively. In
addition, care has to be taken to ensure the storage sta-
bility of biodiesel when exposed to high temperature
and air [14].
Biodiesel had been produced using homogeneous acid
and base catalysts [15,16]. A two-step process which in-
volves acid-catalyzed transesterification process and
followed by base-catalyzed transesterification process
has been used in converting vegetable oil with high free
fatty acid (FFA) value. The first step was acid esterifica-
tion and pretreatment to remove FFA in the oil, which
is mainly a pretreatment process and could reduce the
FFA [17,18].
The neem tree (Azadirachta indica) is a tropical
evergreen with a wide adaptability, native to India
and Burma, and been transplanted to Africa, the
Middle East, South America, and Australia [19].
Neem (A. indica) tree is a native to tropical and
semitropical regions with origin in Europe and later
domesticated in Asia. It is extensively found in India
and Indonesia [20]. It has been estimated that
Indian neems bear about 3.5 million tons of kernels
each year and that, in principle, about 700,000 tons
can be recovered [4]. About 34 tons of neem seeds
were exported from India in 1990 [21]. Neem oil
has been extracted, and the yield is encouraging
[20,22].Response surface methodology (RSM) is a useful stat-
istical technique which has been applied in research into
complex variable processes. It employs multiple regres-
sion and correlation analyses as tools to assess the
effects of two or more independent factors on the
dependent variables [23]. It has been used in
methanolysis optimization of sesame (Sesamum
indicum) oil to biodiesel [24].
This work seeks to optimize neem biodiesel produc-
tion from neem oil using response surface method-
ology. The optimization of the neem biodiesel
production via a two-step transesterification process
will be designed using a central composite design
model of the response surface methodology. The ef-
fects of variables such as the neem oil/methanol ratio,
reaction time, reaction temperature, and catalyst
amount on the biodiesel yield will as well be deter-
mined in order to find out the optimum conditions
required for the neem biodiesel production. The phys-
icochemical properties and fatty acid profiles of the
neem biodiesel produced will be determined using ap-
propriate established procedures. This will help in
establishing the conformity of the neem biodiesel to
standards, hence its suitability as alternative fuel
source.
Methods
Raw materials and reagents
The major raw material used was neem oil which was
purchased from Zaria, Nigeria. The reagents are all of
analytical grade.
Biodiesel production from neem oil
Experimental design
In order to optimize the central composite experimental
design (CCD), a five-level-four-factor central composite
design was employed for this study, which generated
thirty experimental runs. The factors investigated in this
study were reaction time (minutes), catalyst amount (g),
temperature (°C), and oil/methanol ratio. The coded and
uncoded factors (X1, X2, X3, and X4), and levels used are
shown in Table 1.
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The neem oil was heated fairly strongly at 80°C for
30 min using Gallenkamp magnetic stirrer thermostat
hotplate (Weiss Technik, England). The aim was to re-
duce the viscosity of the neem oil.Transesterification reaction
A two-step transesterification reaction was used. This
was due to the fact that neem oil had a high free fatty
acid value; hence, a modified method of Hanny and
Shizuko [17] was used. This method included acid
transesterification followed by base transesterification.
Acid transesterification The transesterification was
carried out using 50 ml of methanol and 0.2 ml of con-
centrated H2SO4 mixed together inside a 250-ml con-
ical flask. The conical flask was inserted into a water
bath at 50°C. This mixture was later added to 200 ml of
warmed (preheated) neem oil inside a 500-ml conical
flask and placed on a magnetic stirrer with heater, con-
tinuously stirred, for 1 h for the acid transesterification
to take place. The process was repeated for all the thirty
samples.
Base transesterification The product of the reaction in
acid transesterification was used for the base trans-
esterification. The calculated amount of NaOH (cata-
lyst) and methanol was added for each reaction for the
temperature and reaction time specified, as shown in
Table 2.Separation of biodiesel from glycerin
After the base transesterification process, the biodiesel was
allowed to settle for at least 24 h inside a separating funnel
to allow clear separation of the biodiesel from glycerin.
The layer on the top is the biodiesel, while the bottom
layer is the glycerin. The biodiesel separation was carried
out by decantation as the glycerin was drained off while
the biodiesel remained.Biodiesel washing and drying
Warm distilled water at 50°C was added to the separated
biodiesel, and the mixture was shaken vigorously. The
water was allowed to drain through the bottom of the sep-
arating funnel. This was carried out five times until a clear
biodiesel was obtained. Anhydrous CaCl2 was added to
the biodiesel and heated gently at 50°C. The anhydrous
CaCl2 was later separated from the biodiesel to obtain a
clean dry neem biodiesel. The volume of the biodiesel
obtained from each sample was determined, while the per-
centage of biodiesel was calculated.Statistical analysis of neem biodiesel
The data obtained in the experiments (Table 2) were
analyzed using response surface methodology so as to
fit the quadratic polynomial equation generated by the
Design-Expert software version 8.0.3.1 (Stat-Ease Inc.,
Minneapolis, MN, USA). The quality of the fit of the
model was evaluated using analysis of variance
(ANOVA). The fitted quadratic response model is as
described in Equation 1.
Y ¼ bo þ∑ki¼1biXiþ∑ki¼1biJX2i þ∑ki1<J∑kj biXiXj þ e;
ð1Þ
where Y is response factor (% yield), and i and j denote
linear and quadratic coefficients, respectively. bo is the
intercept, bi is the first order model coefficient, k is the
number of factors, and e is a random number.Physicochemical analysis of neem oil biodiesel
The physicochemical analyses of the neem oil biodiesel
were carried out using the Association of Official Ana-
lytical Chemists methods [25]. The analyses carried out
include pour point determination (ASTM method),
cloud point determination (ASTM), flash point deter-
mination (ASTM D93) using Pensky-Martens flash
point tester, refractive index determination (using
ATAGO Refractometer, RX-5000CX, Tokyo, Japan),
specific gravity using specific gravity bottle according
to AOAC method [25]), moisture content [25], viscos-
ity (using Rion viscometer VTO4F, Netherlands),
acid value [25], iodine value by Wijs method [25], per-
oxide value [25], saponification value [25], higher
heating value (HHV) determination calculated model
developed by Demirbas and Kara [26], cetane number
(CN) determination using correlation reported by Patel
[27] and Krisnangkura [28].
Characterization of neem oil and neem biodiesel
Fatty acid composition was determined by gas chroma-
tography (HP 6890 powered with HP ChemStation Rev.
A.09.01 [1206] software, Agilent Technologies, Inc.,
Santa Clara, USA). A 50 mg of the oil sample was
hydrolysed for 5 min at 95°C with 3.4 ml of the 0.5 M
KOH in dry methanol. The mixture was neutralized
using titrimetric method by using 0.7 M HCI and then
methylated using 3 ml of 14% boron trifluoride in
methanol. The mixture was heated for 5 min at 90°C to
achieve complete methylation process. The fatty acid
methyl esters were extracted thrice from the mixture
with redistilled n-hexane. The hexane extract was con-
centrated to 1 μl for gas chromatography analysis,
and 1 μl was injected into the injection port of gas
chromatography.









Response 1: % yield Residual
Actual Predicted
1 −1.000 −1.000 −1.000 −1.000 74.09 73.59 0.50
2 1.000 −1.000 −1.000 −1.000 73.50 73.28 0.22
3 −1.000 1.000 −1.000 −1.000 70.90 71.20 −0.30
4 1.000 1.000 −1.000 −1.000 68.00 68.53 −0.53
5 −1.000 −1.000 1.000 −1.000 84.88 85.32 −0.44
6 1.000 −1.000 1.000 −1.000 81.00 80.70 0.30
7 −1.000 1.000 1.000 −1.000 74.90 74.37 0.53
8 1.000 1.000 1.000 −1.000 68.00 67.40 0.60
9 −1.000 −1.000 −1.000 1.000 69.00 69.66 −0.66
10 1.000 −1.000 −1.000 1.000 64.50 65.14 −0.64
11 −1.000 1.000 −1.000 1.000 79.50 79.91 −0.41
12 1.000 1.000 −1.000 1.000 73.42 73.04 0.38
13 −1.000 −1.000 1.000 1.000 74.50 74.08 0.42
14 1.000 −1.000 1.000 1.000 65.50 65.26 0.24
15 −1.000 1.000 1.000 1.000 75.50 75.78 −0.28
16 1.000 1.000 1.000 1.000 64.00 64.61 −0.61
17 −2.000 0.000 0.000 0.000 75.50 75.26 0.24
18 2.000 0.000 0.000 0.000 63.71 63.77 −0.062
19 0.000 −2.000 0.000 0.000 63.26 63.31 −0.054
20 0.000 2.000 0.000 0.000 60.50 60.27 0.23
21 0.000 0.000 −2.000 0.000 87.50 86.86 0.64
22 0.000 0.000 2.000 0.000 89.69 90.15 −0.46
23 0.000 0.000 0.000 −2.000 73.50 74.02 −0.52
24 0.000 0.000 0.000 2.000 68.00 67.30 0.70
25 0.000 0.000 0.000 0.000 67.50 67.70 −0.20
26 0.000 0.000 0.000 0.000 68.00 67.70 0.30
27 0.000 0.000 0.000 0.000 67.50 67.70 −0.20
28 0.000 0.000 0.000 0.000 68.00 67.70 0.30
29 0.000 0.000 0.000 0.000 67.22 67.70 −0.48
30 0.000 0.000 0.000 0.000 68.0 67.70 0.30
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Optimization of neem oil biodiesel yield via response
surface methodology
Table 2 showed the coded factors considered in this study,
the experimental results, and the predicted values. The
final equation in terms of coded factors for the central
composite response surface quadratic model is shown
in Equation 2.
The results of the ANOVA analysis for the response sur-
face model (Equation 2) are shown in Table 3. The model's
F-value of 292.39 implies that the model is significant. The
p values <0.05 indicate that the model terms are signifi-
cant. In this case, the linear coefficients X1, X2, X3, and X4;





are significant model terms (Table 3).
Y ¼ 67:70−2:8X1−0:76X2 þ 0:82X3−1:68X4−0:59X1X2−1:08X1X3
−2:14X2X3 þ 3:16X2X4−1:83X3X4 þ 0:45X21−1:48X22 þ 5:20X23 þ 0:74X23
ð2Þ
The effects of the factors such as reaction time, cata-
lyst amount, temperature, and oil/methanol ratio on the
percentage neem oil biodiesel yield were shown in
Figures 1, 2, 3, 4, 5, and 6. Temperature had the greatest
effect on the biodiesel yield, followed by the catalyst
amount, reaction time, and oil/methanol ratio. The
ANOVA analysis had also indicated the order of signifi-
cance, giving temperature the factor that most significantly






Model 1,506.29 14 107.59 292.39 <0.0001
X1 197.97 1 197.97 538.01 <0.0001
X2 13.91 1 13.91 37.80 <0.0001
X3 16.25 1 16.25 44.17 <0.0001
X4 67.84 1 67.84 184.36 <0.0001
X1X2 5.53 1 5.53 15.04 0.0015
X1X3 18.51 1 18.51 50.31 <0.0001
X1X4 17.66 1 17.66 48.00 <0.0001
X2X3 73.15 1 73.15 198.78 <0.0001
X2X4 159.96 1 159.96 434.71 <0.0001
X3X4 53.33 1 53.33 144.92 <0.0001
X1
2 5.63 1 5.63 15.31 0.0014
X2
2 59.92 1 59.92 162.84 <0.0001
X3
2 741.88 1 741.88 2,016.12 <0.0001
X4
2 15.00 1 15.00 40.76 <0.0001
Lack of fit 4.94 10 0.49 4.26 0.0618
Pure error 0.58 5 12
Corrected total 1,511.81 29
df degree of freedom.
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time, and oil/methanol ratio.
This order of the effect of the factors on the percentage
biodiesel yield agrees with that in the work of Jeong et al.
[23], where their statistical response via a five-level-three-
factor central composite ANOVA analysis showed that the
temperature had the highest effect on the biodiesel yield

























Catalyst amount (wt.%)  
Figure 1 3D representation of effect of catalyst amount and reactionwith Prob > F value of 0.004, while neem oil/methanol oil
ratio had Prob > F value of 0.072. In addition, the squares
of the temperature, catalyst amount, and oil/methanol ra-
tio were significant in the work by Jeong et al. [23], while
only the squares of temperature and catalyst amount were
significant in the present work. This could mean that
those factors whose squares are significant have better ef-
fect on the biodiesel yield than those with only a linear
factor that is significant. For example, reaction time, in
this case, has a significant linear factor according to
ANOVA, while its square factor is not significant. Also, all
the cross-product terms were significant in this work and
in the work of Jeong et al. [23]. In addition, a low lack of
fit was noted according to the analysis of factors through
ANOVA. This indicates that the model represents the ac-
tual relationship of all the parameters, which are well
within the selected ranges (Table 2). In actual fact, the
Prob > F value of 0.007 for the model is an indication of
the significance of the model.
Figure 1 showed the effect of catalyst amount (X2) and
reaction time (X3) on the biodiesel yield while keeping the
other factors constant. The lowest yield was obtained
around 56 min, irrespective of the catalyst amount.
Highest yields were obtained at 50 and 60 min of base
transesterification reaction. The catalyst amount of 0.70
and reaction time of 60 min gave the maximum yield of
about 74%. At 60 min, the yield decreases with the in-
crease of catalyst amount, while at 50 min, the yield in-
creases slightly with the increase of catalyst amount. The
effect of reaction time seems a not too important factor in
biodiesel yield, as also observed by Zhang and Huang [29].
Figure 2 showed the effect of temperature (X1) and reac-
tion time (X3) on the biodiesel yield. At 50 min, the yield
was almost constant even with increasing temperature,







Reaction time (min)  
































  Reaction temperature (deg C)  
Reaction time (min)  
Figure 2 3D representation of effect of temperature and reaction time on biodiesel yield.
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ranges, the effect of time on the yield is the same: high
at 50 and 60 min, while low at 55 min. It can be
deduced that temperature had a slight effect on bio-
diesel yield, with the lowest temperature having the
highest yield. This is actually advantageous because
biodiesel production especially from neem requires
low temperature, hence low energy cost.
The effect of temperature (X1) and catalyst amount (X2)
is shown in Figure 3. The effect of temperature is stronger
than that of the catalyst amount, which is also in agree-
ment with the result of ANOVA. As previously observed,
the highest yields were obtained with lowest catalyst

























Reaction temperature (deg C)  
Figure 3 3D representation of effect of temperature and catalyst amoexcept in Figure 4 where its effect is more pronounced in
the presence of methanol/oil molar ratio.
The effect of catalyst amount on the biodiesel yield is
slightly pronounced, as shown in Figure 4. The highest
yield was obtained both at the lowest catalyst amount
(0.70) and lowest methanol/oil molar ratio (3.0). Con-
versely, the lowest yield was obtained at highest metha-
nol/oil molar ratio (6.0) and lowest catalyst amount
(0.70). This implies that at lowest catalyst amount, in-
creasing the methanol/oil molar ratio decreases the bio-
diesel yield.
Figure 5 showed the effect of oil/methanol ratio (X4)
and reaction temperature (X1). The lowest conditions in
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Catalyst amount (wt.%)  Methanol/oil molar ratio  
Figure 4 3D representation of effect of neemoil-methanol ratio and catalyst amount on biodiesel yield.
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est methanol/oil ratio of 3.00, the yield is almost con-
stantly high, irrespective of the temperature.
The highest reaction time of 60 min and the lowest
methanol/oil molar ratio gave the highest yield of about
78%, as shown in Figure 6. At 60 min of base trans-
esterification, the biodiesel yield decreases slightly with
increasing methanol/oil ratio, while at 50 min, the yield
is almost constant.
Taking together all these results, the optimized biodiesel
yield of 89.69% was produced at reaction time of 65 min,
catalyst amount of 0.95 g, temperature of 55°C, and oil/
methanol ratio of 4.5. The result of this work showed that

























Reaction temperature (deg C)  
Figure 5 3D representation of effect of neemoil-methanol ratio and tseen in Figures 1, 2, 3, 4, 5, and 6. This will definitely have
economic advantage on neem oil biodiesel production as
low energy cost, low catalyst amount, low methanol/oil ra-
tio, and low temperature are able to produce high biodiesel
yield. This was in agreement with the works of Meher et al.
[1], Jeong et al. [23], and Marchetti and Errazu [30].
Physicochemical analysis of neem oil biodiesel
The properties of the biodiesel obtained from this work
were shown in Table 4. It is compared with the American
standard (ASTMD6751) and European specification
(EN14214). The density, flash point, iodine number, cetane
number, pour point, moisture content, and the calorific
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Reaction time (min)  
Methanol/oil molar ratio  
Figure 6 3D representation of effect of neemoil-methanol ratio and reaction time on biodiesel yield.
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The amount and type of the fatty acid content in the bio-
diesel are the major factors that determine the viscosity
of biodiesel. In addition, the neem oil and neem oil bio-
diesel compared with vegetable oil from other sources.
Gas chromatography analysis of neem oil biodiesel
The result of the chromatography analysis of neem oil
biodiesel was shown in Table 5. The percentage of un-
saturated fatty acid is 80.02%, while the percentage of
saturated fatty acid is 19.97%. It has been shown that
biodiesel fuel with more unsaturated fatty acid com-
position has more density but has less viscosity, lower
cetane number, and heating value. It also has lower





Physical state at 25°C Liquid - -
Percent moisture content 0.05 0.05 max -
Specific gravity at 25°C 0.900 0.87 to 0.90 0.86 to 0.90
Kinematic viscosity (mm2/s) 5.5 1.9 to 6.0 3.5 to 5.0
Saponification value (mg KOH/g) 207 - -
Iodine value (g I2/100 g) 70.5 - 120 max
Cetane number 55.31 40 min 51 min
Calorific value (MJ/kg) 39.89 - -
Pour point (°C) 4 −15 to 10 -
Cloud point (°C) 8 −3 to 12
Flash point (°C) 110 100 min 120 min
ASTM American society for testing materials, EN European standard for
biodiesel, max maximum, min minimum.acid composition. It emits lower HC and CO, and less
smoke compared to highly saturated biodiesel fuel.Conclusion
The maximum neem oil methyl ester (NOME) conversion
yield was validated as 85.13% (w/w) under the optimal
reaction condition of 3:1 methanol/oil molar ratio, 50°C re-
action temperature, 0.70% catalyst concentration, and 60-
min reaction time. The fuel properties of NOME satisfied
both the ASTM D 6751 and DIN EN 1424 standards.
Thus, the present study demonstrates the usefulness of
RSM for optimum conversion of A. indica seed oil to
NOME. It also suggests that the seed oil could be used ef-
fectively as feedstock for NOME production.Table 5 Fatty acid profile of neem oil biodiesel
Fatty acid Percent composition
Unsaturated fractions
Oleic acid (C18:1) 18.17
Linoleic acid (C18:2) 61.28
Linolenic acid (C18:3) 0.51
Erucic acid (C22:1) 0.00
Palmitoleic acid (C16:1) 0.06
Saturated fractions
Palmitic acid (C16:0) 10.82
Stearic acid (C18:0) 9.15
Arachidic acid (C20:0) 0.00
Behenic acid (C22:0) 0.00
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